Abstract: We investigate the charged scalar lepton production processes γγ → ℓ + ℓ − at high energy γγ colliders in the framework of the minimal supersymmetric standard model (MSSM). Here the high energy γ beams are obtained by the backward Compton scattering of the laser flush by the electron in the basic linear TeV ee colliders. We consider the polarization of the laser photons as well as the electron beams. Appropriate beam polarization could be effective to enhance the cross section and to extract the signal from the dominant background γγ → W + W − .
In addition to well-known types of "TeV" colliders such as pp, ep and linear e + e − colliders, the possibilities for realization of the eγ and γγ colliders have been discussed in detail by Ginzburg et al. [1] . Here the high energy photon beams will be obtained by the backward Compton scattering of the laser flush by one of electron beam in the basic linear ee colliders. Recently, the physics potential at those colliders has been analyzed energetically from both the theoretical [2] and experimental [3] point of view. In fact such colliders will provide us with a powerful machinery for investigating the standard model (SM) through a direct proof of the gauge vertices [4] , unraveling the hadronic content of the photon [6] and searching for the neutral Higgs boson [5] . The eγ and γγ colliders are also suited for searching for some exotic particles predicted by the models beyond the standard model, such as supersymmetric partners [7, 8, 9, 10] , excited fermions [11, 12] and the leptoquarks [13] .
In this paper we investigate the charged scalar lepton (slepton) production at the γγ colliders. The sparticle production at the γγ colliders, including the slepton production, has already been discussed in Ref. [8, 9] . In those papers, however, the initial beam polarization has not been concerned. Here we focus our attention to the physical consequence of the initial beam polarization at the γγ colliders in the slepton production.
The polarized cross sections for the sub-processes γγ → X are expressed as
where ξ 2 (z i ) denote the Stokes parameters of the circular polarized γ beams. Note that there are no terms proportional to ξ 1 and ξ 3 because we have assumed that the initial laser lights are circularly polarized and thus the secondary gamma beams are also circulaly polarized (ξ 1 = ξ 3 = 0).
The each polarized cross sections in Eq. (1) for the slepton pair production γγ → ℓ + ℓ − are given by
whereŝ ≡ s γγ andβ ≡ 1 − 4m ℓ 2 /ŝ. The total cross sections are given bŷ
Since our processes are pure SUSY QED processes, we can express cross sections for all charged sleptons ℓ = ( e L,R , µ L,R , τ 1,2 ) by the formulae Eqs. (2) and (3). Moreover, multiplying the factor e 4 q C (e q and C = 3 respectively denote the electric charge and the color degree of freedom), we can use the formulae Eqs. (2) and (3) for the squark q = ( u L,R , d L,R , · · ·, t 1,2 ) pair production. For completeness, we also give the formula for the sub-process cross section of γγ → W + W − , which will be needed in the discussion of background suppression ;
Our results Eq. (4) are in agreement with the ones of Ginzburg et al. [4] .
If the incident gamma beams were monochromatic, the formulae (1), (2), (3) and (4) would give just the cross sections. However, since each gamma is the secondary beam, the experimental cross sections are obtained by folding the sub-process cross sections dσ (2) and (4) with the energy spectra D γ/e of the high energy photons generated by the backward Compton scattering of the laser light ;
Here z i (i = 1, 2) denotes the energy fraction of each high energy gamma beam ; z i = E γ i /E e . Note that the upper limit of z i is determined by the kinematics of the backwardCompton scattering, i.e., z i < ∼0.83. If z i becomes larger than this value the back-scattered and laser photon have enough energy to produce the e + e − pair, and in turn the conversion efficiency drops considerably [1] . In the following we take z max i = 0.83. The maximum value of the total energies of γγ sub-processes corresponds to about 80% of √ s of the basic
Both D γ/e and ξ 2 are functions of z i and depend on λ i , the mean helicity of electron to be scattered off by the laser photon, and P c i , that of the laser photon [1] :
It should be mentioned that D γ/e (z i ) depend only on the value λ i P c i . By polarizing the e beams and the laser photons, we can obtain monochromatic and polarized gamma beams [1] . For example, if we set λ 1,2 = +1/2 and P c 1,2 = −1 we can get not only highly monochromatic energy spectra but also the highly polarized initial gamma beams with the Stokes parameters ξ 2 (z 1,2 ) ≃ +1 at z 1,2 ≃ z max 1,2 . In Fig. 1 we show the slepton mass dependence of the polarized cross sections for the sub-processes Eq. (3), where we take √ŝ = √ s γγ = 1TeV. It is found that a choice of polarization (ξ 2 (z 1 ), ξ 2 (z 2 )) = (±, ±) enhances the cross sections for the sleptons with masses close to the threshold values, because those polarized cross sections have the swave contribution (see Eqs. (2) and (3)). We can conclude that in order to get large cross sections for the sleptons with large masses m ℓ < ∼ √ŝ /2, the polarized photon beams with (ξ 2 (z 1 ), ξ 2 (z 2 )) = (±, ±) would be efficient. On the other hand, if the total energy √ŝ was large enough √ŝ ≫ 2m ℓ , (ξ 2 (z 1 ), ξ 2 (z 2 )) = (±, ∓) would be useful.
Next we show the numerical results for the experimental cross sections Eq. (5). The slepton mass dependence of the polarized cross sections is shown in Fig. 2 , where we set √ s ee = 1TeV. For comparison, we also plotted the total cross sections for e + e − → e + R e − R and e + e − → µ + R µ − R , where we take the lightest neutralino mass as m Z 1 = m B = 50GeV. The cross section for the selectron production at e + e − colliders are larger than the γγ one, because there exist the t-channel neutralino contributions. On the other hand, the γγ cross section will be much larger than e + e − one for 2nd (and 3rd) generation sleptons if √ s is large compared with the mass threshold. This is originated from the s-wave contribution in Eqs. (2) and (3). In particular, the beam polarization λ 1,2 = +1/2 and P c 1,2 = −1 will significantly enhance the cross section. This is because the polarization brings us highly monochromatic energy spectra and the highly polarized initial photon beams (ξ 2 (z 1 ), ξ 2 (z 2 )) ≃ (+, +) at z 1,2 ≃ z max 1,2 . Such photon polarization enhances the sub-process cross sections for the sleptons with the masses m ℓ
Note that we can get the same enhanced cross sections when we choose λ 1,2 = −1/2 and P c 1,2 = +1. Now we should discuss the signatures of the processes and the background suppression. Here we pay attention to the right-handed sleptons ℓ R production, because this mass eigenstate is lighter than the left-handed one in most of the supergravity GUTs. It is expected that the signature of this process will be rather simple because ℓ R decays dominantly into ℓ Z 1 [14] , where Z 1 denotes the lightest neutralino. For the left-handed slepton production, which has more complicated decay pattern, we refer to Ref. [9] . Since we can legitimately assume Z 1 as the lightest SUSY particle (LSP), the signature of our process will be the charged lepton pair plus large missing energies taken away by the LSP. The most serious SM background is γγ → W + W − → (ℓ + ν)(ℓ − ν) [9] . We have already given the formula Eq.(4) for the sub-process γγ → W + W − cross section. At the TeV energy colliders, a charged lepton coming from the W -boson decay will be emitted into almost same direction with that of the parent W . Consequently, a cut on the acoplanarity φ acop of the charged lepton pair will be effective to suppress the W W background.
In Fig. 3 we show the Monte-Carlo event generation for the signal and the background processes in the transverse energy E ℓ T (a) and the missing transverse energy E miss T (b) distributions, where we impose a cut on the acoplanarity, φ acop > 40 • . Here we take
and the luminosity L = 25fb −1 . It is found that a lower cut on E ℓ T or E miss T will be useful for more suppression of the background. The slepton mass dependence of the total cross section, after imposing cuts on the missing transverse energy E miss T > 150GeV as well as on the acoplanarity φ acop > 40 • , is shown in Fig. 4 , where we take the neutralino mass as
The horizontal lines correspond to the W W background cross section after imposing the cuts. We should be noted that the background cross section is almost unaffected by the initial beam polarization. We see that if we take the polarization (λ 1,2 , P c 1,2 ) = (+1/2, -1), the signal cross sections dominate over the background one for the masses near the kinematical limit m ℓ R < ∼0. 4 √ s. Note that this is almost independent on the neutralino mass. On the other hand, the cross sections drops significantly for large neutralino and slepton masses if the initial beams were not polarized.
We have investigated the charged slepton production at γγ colliders and focused our attention to the physical consequence of the initial beam polarization. It has been shown that appropriate beam polarization could be useful to enhance the cross sections for the sleptons with the masses m ℓ < ∼0. 4 √ s. We have explicitly shown that the most serious W W background can be suppressed by the cuts on the acoplanarity and the missing transverse energy as well as the choice of polarization. For the slepton in 2nd (and 3rd) generation the γγ cross section can be larger than e + e − one if we take appropriate initial beam polarization and the large total energies √ s > ∼2.5m ℓ . This property is originated from the s-wave contribution in the scalar pair production cross section. This could enable us to see, moreover, the squarkonium (especially the stoponium) production in the γγ colliders, which could not be seen in the e + e − colliders [10, 15] . Another good property of the processes is the simple dependence on the arbitrary SUSY parameters, i.e., the cross sections depend only on the final sfermion masses. This could be useful to check the universality of masses of sleptons and squarks in the 1st and 2nd generation. 
